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extremity. Although a few patients have significant radio-
graphic findings (eg, a cervical rib in 5%-9% of cases), most
patients have no visualized anatomic abnormalities.5
Our diagnosis of N-TOS is based on clinical examina-
tion and is supported by positive results with maneuvers that
stretch the brachial plexus, including Wright’s test and the
abduction/eversion test.6 Patients may also have negative
results on Spurling’s test. However, these tests are not spe-
cific, and positive results may be elicited in patients who do
not have N-TOS. Evaluation must include a careful exami-
nation to rule out peripheral compression syndromes
(cubital tunnel and carpal tunnel), myofascial disorders, and
radiculopathies. Patients with motor abnormalities may have
abnormal electromyogram (EMG) results and somatosen-
sory evoked potentials (SEP). However, in most patients,
who have predominantly sensory symptoms, the EMG and
SEP are not diagnostic.6,7 As a result, the diagnosis is often
disputed, and the role of surgical management is debated.
Currently available treatment options for sensory N-
TOS include conservative treatment through education
and physical therapy, which is successful in 59% to 88% of
cases,8 and operative decompression of the thoracic outlet
for patients in whom conservative treatment fails. Surgical
results vary, with patients reporting good or excellent
results in 53% to 92% of cases.9-13 Earlier studies have
identified several risk factors for poor operative outcome,
including active workers’ compensation claims,13 presence
of a long posterior rib stump,9 return to employment with
repetitive motion, fixed joint abnormalities, and signifi-
cant neurologic deficits preoperatively.14 Experience with
other chronic pain syndromes (eg, low back pain) suggests
that increased levels of depression and affective distress
correlate with persistent morbidity and poor outcome
The diagnosis and treatment of chronic pain and dis-
ability resulting from thoracic outlet syndrome (TOS) pose
a significant challenge to vascular surgeons. TOS patients
have a constellation of symptoms that are presumed to
result from compression of the neurovascular structures
supplying the upper extremity.1 Patients often have a his-
tory of trauma or repetitive-use injury and may be concur-
rently seeking legal and economic redress for their
injuries.2 Symptoms of TOS may be associated with com-
plex psychological problems, including somatoform disor-
ders, leading to diagnostic and therapeutic confusion.3 The
surgeon’s challenge is to correctly distinguish patients with
surgically correctable disease, who are most likely to bene-
fit from an operation, from patients with myofascial pain or
other chronic pain syndromes that are better treated with
physical therapy or pain-management techniques.
Although the treatment of patients with TOS that
results in arterial or venous disease is clear, treatment of
patients with neurogenic TOS (N-TOS) is the subject of
continuing controversy. N-TOS is postulated to result from
abnormal compression or irritation of the brachial plexus by
bony structures or fibrous bands.4 Patients generally have a
history of pain, paresthesias, and weakness of the involved
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Purpose: This study determined whether there is an association between psychological and socioeconomic characteristics and
the long-term outcome of operative treatment for patients with sensory neurogenic thoracic outlet syndrome (N-TOS). 
Methods: Clinical records, preoperative psychological testing results, and long-term follow-up questionnaire data were
reviewed for consecutive patients who underwent surgery for N-TOS from 1990 to 1999. Multivariate logistic regres-
sion models were developed as a means of identifying independent risk factors for postoperative disability.
Results: Operative decompression of the brachial plexus via a supraclavicular approach was performed for upper extrem-
ity pain and paresthesia with no mortality and minimal morbidity in 170 patients. After an average follow-up period
of 47 months, 65% of patients reported improved symptoms, and 64% of patients were satisfied with their operative
outcome. However, 35% of patients remained on medication, and 18% of patients were disabled. Preoperative factors
associated with persistent disability include major depression (odds ratio [OR], 15.7; P = .02), not being married (OR,
7.9; P = .04), and having less than a high school education (OR, 8.1; P = .09).
Conclusion: Operative decompression was beneficial for most patients. Psychological and social factors, including
depression, marital status, and education, are associated with self-reported disability. The impact of the preoperative
treatment of depression on the outcome of TOS decompression should be studied prospectively. (J Vasc Surg
2001;33:1220-5.)
after surgical and conservative therapy.15 However, the
impact of psychosocial characteristics on surgical outcome
has not been previously reported in the population with
sensory N-TOS.
This study summarizes the outcome of 170 patients
treated operatively for symptoms attributed to brachial
plexus compression by a single surgeon at the University of
Michigan (L.J.G.). Psychological data, including measures
of depression, affective distress, perceived disability, and
pain, on 101 patients were used as a means of investigating
the relationship between patients’ physical, psychological,
and social characteristics and their clinical outcomes.
MATERIALS AND METHODS
Patients. A database containing records for the 738
patients who were examined at the multidisciplinary
Thoracic Outlet Clinic at the University of Michigan
Hospital from March 1990 to October 1999 (Figure) was
used to identify 238 consecutive operative procedures
performed on 202 patients. Patients with symptoms
solely attributable to arterial or venous pathology who
did not undergo brachial plexus decompression (n = 32)
were excluded from this study. The remaining 170
patients with predominantly sensory N-TOS formed the
basis for this analysis.
Evaluation. A focused history was recorded and a
physical examination, which comprised provocative maneu-
vers including Adson’s, Wright’s, and abduction-eversion
maneuvers and a Perthes test, was performed by a single
clinician (L.J.G.). A careful neuromuscular examination was
performed as a means of documenting brachial plexus ten-
derness, muscle wasting, spasm, weakness, or reflex abnor-
malities. Patients were also examined for clinical evidence of
carpal tunnel syndrome, cubital tunnel syndrome, and cer-
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vical disk compression. A cervical spine radiograph was
obtained as a means of identifying anatomic abnormalities
(eg, cervical ribs). No additional diagnostic studies were
routinely performed. However, selected patients had under-
gone earlier studies, including EMG (n = 114, 33% posi-
tive), ultrasound scanning (n = 12), and magnetic resonance
imaging (n = 46). In addition, the patients were examined
by a physical therapist specializing in musculoskeletal assess-
ment to exclude primary myofascial pain syndromes16 and
articular dysfunctions.17
A subset of the patients (n = 101) was also examined
by a psychologist experienced in chronic pain evaluation
(R.S.R.), who conducted a clinical interview and reviewed
a battery of psychological questionnaires that were com-
pleted by the patients before the examination. Data were
missing for patients whose treatment preceded the routine
collection of psychological data (n = 50) or who were not
available for psychological examination because of sched-
uling conflicts or patient refusal (n = 19). The McGill Pain
Questionnaire measures subjective pain experiences.18
The Beck Depression Inventory (BDI) consists of 21
groups of items that assess both cognitive/affective and
neurovegetative symptoms of depression in the previous
week. A score higher than 21 is considered to be indica-
tive of major depression in chronic pain populations.19
The Pain Disability Index is a seven-item self-report inven-
tory that assesses the degree to which pain interferes with
functioning in seven key life areas.20 The Brief Symptom
Inventory (BSI), a 53-item short form of the Symptom
Checklist-90-Revised, is a self-report measure designed to
reflect the psychological symptom patterns of psychiatric
and medical patients and nonpatient populations.21 The
BSI contains nine symptom dimensions and a global mea-
sure of distress, the Global Severity Index (GSI). Finally, a
Patient selection diagram.
visual analog scale (VAS) is used as a means of measuring
the severity of pain experienced by the patient during the
previous week. Earlier work has demonstrated that this
psychometric battery effectively characterizes pain symp-
tomatology and depression in patients with chronic
pain,19 although these measures have not been specifically
validated in the population with TOS.
Surgery. Surgery was performed on patients for whom
prolonged conservative treatment had failed and whose
symptoms were reproduced by placing the brachial plexus
on stretch. All patients underwent thoracic outlet decom-
pression while under general anesthesia via a supraclavicu-
lar approach. An additional infraclavicular incision was
required in one case. In two cases, the operation was com-
bined with additional procedures by the orthopedic
surgery service. In all cases, the anterior and middle scalene
muscles were divided. We resected most of the anterior sca-
lene and preserved the long thoracic and phrenic nerves.
Any abnormal fibrous bands were divided, and, when 
present, cervical ribs were excised (19%). After these
maneuvers, the first rib was assessed for abnormalities or
proximate compression. In patients with these findings, the
first rib was then divided (22%) or excised (32%). Patients
with clavicular abnormalities producing compression of the
brachial plexus underwent a clavicalectomy (9.6%). The
operation initially required an overnight admission, but is
currently performed as an outpatient procedure.
Follow-up evaluation. Clinical postoperative follow-
up was available for 98% of patients and included a clinical
interview and examination by the attending surgeon
(L.J.G.). Patients were questioned about their overall sat-
isfaction, their activity and work status, and the amount of
pain and paresthesia. Wound healing, range of motion
(ROM), and muscle/joint dysfunction were evaluated,
and an overall assessment of the patients’ progress was
recorded. Patients were observed until their symptoms
resolved or an additional intervention was performed;
however, there was no routine schedule of follow-up after
6 months. The average number of follow-up visits was 3.2.
Long-term outcomes were determined with a ques-
tionnaire designed to assess patients’ perceptions of their
current status and level of satisfaction. This questionnaire
was administered by mail at the time of this review. Patients
who did not respond were sent a second questionnaire, and
then a single attempt to contact them by phone was made.
The overall response rate was 52%. In patients for whom
psychological data were available, the response rate was
57%. Patients were asked to grade their symptoms of pain
and paresthesias. They also reported employment status
(employed, disabled, retired, or full-time homemaker),
activity level, and overall satisfaction with the operation.
Statistical analysis. Statistical analysis was conducted
with the software Stata Version 6.0 (College Station, Tex).
Bivariate and multivariate linear and logistic regression
analyses were performed as a means of determining factors
associated with unsatisfactory outcomes. Bivariate com-
parisons used 2-tailed Student t tests and χ2 tests as appro-
priate. Multivariate logistic regression used self-reported
symptomatic improvement, employment, and disability as
dependant variables. Independent variables included age,
sex, depression (BDI score), affective distress (BSI GSI
score), education level, marital status, key physical exami-
nation findings, and complications. A P value less than .05
was considered to be significant.
RESULTS
Operative results. Operative decompression of the
thoracic outlet via a supraclavicular incision was accom-
plished with no mortality and minimal morbidity in 170
patients. Most patients were women (76%), and the aver-
age age of patients was 35.5 years (Table I). Seventeen
patients (10%) required bilateral procedures. Minor com-
plications occurred in 10.6% of cases and included pneu-
mothorax requiring chest tube placement (n = 9), pleural
entry not requiring a chest tube (n = 6), transient phrenic
nerve injury (n = 1), and hematoma requiring drainage (n
= 1). Seventy percent of patients underwent lysis of the
brachial plexus and resection of compressive bony or soft
tissue. Reoperation was required in only one patient for
recurrent symptoms. This patient required reresection of
her clavicular head because of persistent compression from
a large bony callus.
Short-term follow-up data were obtained an average
of 10.4 months postoperatively, at the time of the patient’s
last clinic visit (Table II). Most patients reported improve-
JOURNAL OF VASCULAR SURGERY
1222 Axelrod et al June 2001
Table I. Demographic characteristics of patients with TOS
No. of patients 170
Women 130 (76%)
Age (y) 35.5 ± 10
Length of symptoms (mo) 39.3 ± 66
Working before 90%
Working at presentation 49%
Myofascial pain syndromes 18%
History of trauma 39%




MVA, Motor vehicle accident; TOS thoracic outlet syndrome.
Table II. Results at last postoperative visit
No. of patients 167 (98%)
Average number of follow-up visits 3.2
Average time to last follow-up (mo) 10.4
Pain improved 80%
Paresthesia improved 81%
Range of motion improved 82%
Moderately or highly satisfied 86%





Taking nonsteroidal anti-inflammatory drugs 20%
Progress (good/average) 67%
ments in pain level (80%), paresthesias (81%), and range of
motion (82%). Eighty-six percent of patients were moder-
ately or highly satisfied, and 55% of patients reported that
they had returned to full activity. Only 9% of patients con-
tinued to use narcotics, and 20% of patients were taking
nonsteroidal anti-inflammatory medication. Overall, 67% of
patients with sensory N-TOS were judged at their follow-up
visit to have made good or average progress.
Long-term outcome survey or follow-up telephone
interview data were available for 89 patients. After an aver-
age follow-up period of 47 months, 65% of patients
reported some residual symptoms, and 35% of patients
continued to take medication (Table III). However, 64% of
patients reported that they were satisfied with the opera-
tion, and 69% of patients reported they would elect to have
surgery again. Seventy-five percent of patients either were
employed or were full-time homemakers. Only 18% of
patients classified themselves as disabled. Twelve percent of
patients reported receiving workers’ compensation, and
10% of patients were involved in legal proceedings.
Psychological data. Complete psychological and pain
data were available for 101 patients (58%; Table IV).
Major depression (BDI > 21) was present in 21% of the
patients assessed in the study population. Depression was
found to be highly correlated with pain by means of both
the VAS score (P = .001) and the McGill pain score (P =
.001). More severe depression, as assessed with the BDI,
was also correlated with not working before surgery (P <
.001). No association was found between depression and
age, education, marital status, history of trauma, or history
of a motor vehicle accident. Higher levels of education
were found to correlate with lower levels of preoperative
pain on both the McGill (P < .003) and VAS scale (P <
.003). Depression was confirmed by means of multivariate
logistic regression to be more likely found in patients with
more severe pain, as assessed by means of the McGill pain
score (P = .10) or VAS (P = .001), and in patients who
were not working before surgery (P < .001).
Questionnaires were returned by 58 patients (57%) for
whom psychological data were available and, therefore,
could be used in the multivariate analysis (Table V). Patients
who did not respond differed from patients who did
respond in their higher level of preoperative pain (McGill,
P = .05; VAS, P = .03). There was also a trend toward a
greater amount of depression in the patients who did not
respond (P = .09). Other demographic characteristics were
similar among patients who did respond and patients who
did not respond. Among patients who did respond, 15%
were disabled at follow-up. Patients’ preoperative psychoso-
cial characteristics were found to be predictive of long-term
postoperative outcome (Table VI). Not being married (P
=.04) was found to be positively correlated with disability.
Patients with less than a high school education tended to be
disabled more frequently (P = .09). Major depression was
also significantly associated with disability (P = .02). There
was a negative correlation between depression and employ-
ment (P = .02) and between depression and patients’ self-
rating of their clinical improvement (P = .01). These
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findings were confirmed with multivariate regression, by
means of which major depression (OR, 15.7; P = .02), not
being married (OR, 7.9; P = .04), and completing less than
a high school education (OR, 8.1; P = .09) were all revealed
to be independently associated with prolonged disability.
No significant associations were found between disability
and duration of symptoms, preoperative physical examina-
tion findings, the age and sex of the patient, or type of
employment (high-labor vs non–high-labor jobs).
DISCUSSION
Surgical decompression of the brachial plexus offers
significant relief of pain and disability to most patients
with sensory N-TOS; however, some patients still have
symptoms. In our series, only 65% of patients were com-
pletely satisfied with their surgery. However, most patients
(75%) were employed, and few patients (18%) reported
prolonged disability.
Our data are consistent with an earlier reported large
series that documented effective surgical treatment and
highly satisfactory outcomes for TOS patients.13 In this
review, 75% of patients returned to work or full-time home-
making activities. In addition, more than 90% of patients
reported improvement in both pain and paresthesias at the
short-term follow-up examination, and 66% of patients
reported improved symptoms at the long-term follow-up
examination, with relapse of symptoms in 20% to 30% of
cases.13 Similar improvement has also been achieved with
intensive inpatient physical therapy,8 whereas after outpa-
tient therapy, only 59% of patients could return to work
after 1 year.22
Table III. Long-term follow-up
Response 89 (52%)
Average follow-up time (mo) 47
Still have symptoms 65%
Taking medication 35%
Symptoms improved with surgery 66%
Satisfied 64%





Receiving workers’ compensation 12%
Involved in litigation 10%
Table IV. Preoperative psychological characteristics 
(N = 101)
Average SD
Average pain (1-10) 5.5 3.0
McGill total 25.6 12.4
BDI 12.8 10.7
Major depression 21%
High school education or less 82%
Married 72%
Although N-TOS differs from many chronic pain syn-
dromes because a clear anatomical abnormality may be
demonstrated (eg, cervical rib, fibrous band),23 patients
with sensory N-TOS share features with patients suffering
from chronic low back pain and fibromyalgia. For exam-
ple, TOS predominantly affects women (77% in the cur-
rent study), is related to a history of trauma (39%), and is
frequently associated with litigation and economic com-
pensation (22% and 23%, respectively). As in other chronic
pain syndromes, we found evidence in our cohort to sug-
gest that psychological and socioeconomic characteristics
may mitigate the success of operative therapy.
The association between depression and chronic pain
and its consequent disability is complex, including both
neurobiological24 and cognitive19 components. In this
study, preoperative depression had a strong association with
preoperative morbidity, including higher ratings of pain
severity and greater vocational and functional disability.
More important, patients who were depressed were more
likely to report functional and vocational disability and less
often experienced improvement of symptoms after opera-
tive intervention. These data are consistent with earlier out-
come studies of other surgical procedures, in which
presurgical levels of depression are associated with poor
functional outcomes,25,26 dissatisfaction with surgery,27 and
more severe postoperative pain.28 Similarly, a relationship
between severity of depression and both greater functional
impairment and more severe pain has been consistently
demonstrated by means of chronic pain studies.29,30
Our results are also concordant with earlier research
that examined the relationship between socioeconomic
status (SES) and clinical outcomes.31,32 Patients with TOS
who were not married reported significantly greater dis-
ability after surgery at long-term follow-up. Moreover,
patients with lower educational attainment reported more
severe pain before surgery, and there was a trend for
greater disability postoperatively. These findings are in
agreement with evidence that not being married is associ-
ated with greater disability for patients with musculoskele-
tal disorders33 and chronic low back pain26 and is a risk
factor for symptom persistence in patients with industrial
back pain.34 Similarly, patients with lower educational
attainment also demonstrate less favorable outcome from
conservative treatment for pain,35 more severe pain after
surgery,36 and greater clinical and functional impairment
caused by fibromyalgia37 or low back pain.35
The exact mechanism by which psychological and
socioeconomic characteristics influence clinical outcomes
related to pain treatment is not known. Patients with
depression and lower SES may be less tolerant of stress,38
may lack the necessary social supports to mitigate the effects
of stress,39 or may be less likely to engage in health-
promoting behaviors, such as exercise, that are necessary for
the management of pain.40 Patients with lower educational
achievement may be particularly prone to adopting mal-
adaptive coping strategies or possessing erroneous beliefs
about their health that result in health-compromising
behavior patterns and mitigate the benefits of therapy.
Regardless of the pathway by which SES contributes to
clinical morbidity, the vascular surgeon should be aware of
the potential for these patient characteristics to predict
poor surgical outcome for the patient being considered for
operative treatment of TOS.
This study has several clear limitations. First, a signifi-
cant number of patients were lost to follow-up.
Potentially, there may be more disabled and depressed
patients in the group who did not respond. Although this
would likely lower the success rate for operative therapy,
given the strength of the associations found here, it is
unlikely to significantly undermine the conclusion that
depression, lower educational attainment, and single mar-
ital status are associated with prolonged disability. Second,
we relied on the self-reports of patients. Patients who
reported being disabled could have other motives or other
causes for their disability. However, the levels of disability
reported in this study are concordant with those reported
elsewhere. Furthermore, when surgery does not result in
the return of function, it is not likely to be an effective
therapy for patients with sensory N-TOS.
The results of this investigation suggest that the deci-
sion to offer surgical treatment for patients with sensory
N-TOS requires an expanded model of diagnosis.
Although surgical correction for definite anatomic abnor-
malities is generally successful, psychosocial comorbidities
can have a significant impact on surgical outcome in cases
of sensory N-TOS. Therefore, screening for depression
may assist in the selection of patients for operative therapy.
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Table VI. Psychosocial variables correlated with long-
term disabled status
Bivariate Multivariate
Variable odds ratio odds ratio
Depression (BDI > 21) 10.25 (P = .01) 15.7 (P = .02)
Not married 6.16 (P = .02) 7.88 (P = .04)
Low education level 0.475 (P = .18) 8.1 (P = .09)
Table V. Comparison of long-term outcome survey,
characteristics of patients who did and did not respond
Did not
Characteristic* Responded respond P value
No. of patients 58 43
Sex (women) 82% 69% .12
Age (y) 38.4 32.7 .99
Pain (VAS) 5.03 6.16 .03
McGill Pain scale 23.9 28.0 .05
Worked before 94% 90% .44
Working at presentation 54% 52% .83
Litigation at presentation 16% 23% .32
Trauma or MVA 49% 47% .80
Major depression 15% 29% .09
*Among patients with psychological data.
MVA, Motor vehicle accident; VAS, Visual analog scale.
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Future investigation should evaluate the impact of con-
current treatment for depression on the success of both
physical therapy and operative treatment in patients with
symptomatic brachial plexus compression.
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